Pelvic disruption is among the most complex injuries in orthopedic surgery because of the complex fracture patterns in the pelvic structure. Traditional preoperative planning using two-dimensional medical images usually encounters the problem of insufficient information for accurate assessment. In our previous work, a preoperative planning system that uses three-dimensional (3D) medical images and models was developed for the pre-surgical assessment, planning, and simulation of pelvic surgery. In this study, two additional functions, namely semi-automatic bone reduction and several types of fixation simulation are proposed to enhance the integrality of the proposed system for clinical applications. Ten clinical cases are presented for feasibility verification. For some of the cases, the surgeon carries out the simulation first, and then performs the surgery using procedures very similar to those in the simulation. The primary contribution of the proposed system is that the surgeon can go through the critical part of the surgery with the proposed 3D planning and simulation to fully understand the fracture pattern and make an appropriate surgical plan beforehand.
Introduction
Pelvic disruption is among the most complex injuries in orthopedic surgery because the fracture pattern is complex and diverse, and conceptualizing the pelvic structure in three dimensions is difficult. The basic principles of surgical treatment are anatomic reconstruction of the ring structure of the pelvis and restoring its biomechanical characteristics [1] [2] [3] . Computer technology with three-dimensional (3D) medical images has been developed to help the preoperative evaluation and planning of pelvic fractures [4] [5] [6] . However, surgeons are hesitant to use computer-aided technologies in daily orthopedic surgery for numerous reasons, such as expensive hardware and software systems, difficulty in learning and manipulation, complex operating procedures, and an insufficient number of simulation tools for clinical applications. The authors previously proposed an integrated surgery simulation system for the preoperative planning of pelvic fractures [7] . The present study presents 10 clinical cases in orthopedic surgery of pelvic fractures to demonstrate the feasibility of the proposed system. Two additional functions for bone reduction and fixation simulation are also developed to enhance the integrality of the proposed system for clinical applications.
In orthopedic surgery, pelvic surgery is considered difficult for the following three reasons. Firstly, the geometric shape of a pelvis is the most complex among the bone structures in a body. Since multiple fracture lines typically occur in a pelvic disruption due to heavy external load, it is difficult to mentally visualize the fracture pattern. Secondly, bone reduction or resection is an important step during surgery. In current practice where two-dimensional (2D) or 3D images are available, the surgeon has no useful computer-aided tools to plan and simulate the bone reduction process. Thirdly, plate bending is required during surgery because of the varied pelvic geometry. It is quite common that a long plate must be placed across the left and right pubic bones of a pelvis, and even extended to the left and right illium bones. The shape of the plate must be adjusted in terms of the bone surface where it lies. Currently, the plate is bent using a trial-and-error method during surgery, which is inefficient and inaccurate. Computer-aided technologies can mitigate the above-mentioned problems. However, they must be integrated in a single system and easy to use.
Several studies have been conducted regarding the preoperative planning of pelvic fractures. Cimerman et al. [4] developed a computer program for preoperative planning in pelvic and acetabular surgery. The program has two integrated tools: 3D viewing tools and surgeon simulation tools. The inputs are computed tomography (CT) images and bone segments obtained using other software. Displaced bone fragments are then moved and rotated with a manual tool to recover their positions and orientations. Plate and screw fixation is then finally performed, with the contouring of the plate performed automatically. Although this software allows surgery simulation, the surgery simulation tools are not comprehensive. Furthermore, no data are presented regarding the operating efficiency of the entire process. Tomazevic et al. [5] discussed the application of the above-mentioned program for the preoperative planning of articular fractures, where the segmentation process of a proximal humerus fracture was emphasized.
Fornaro et al. [6] developed an interactive surgical tool that is incorporated with a haptic device for the preoperative planning of acetabular fractures. They claimed that the proposed prototyping planning tool for pelvic surgery can be integrated in a clinical workflow to improve patient-specific preoperative planning. The entire process is accomplished using several software packages.
Studies have been conducted on the use of computer-aided surgery simulation for individual modeling of long bone fractures [8] [9] [10] , proximal femur fractures [11, 12] , proximal humerus fractures [13, 14] , and acetabular fractures [15] [16] [17] . Most of these studies deal with 3D modeling, visualization, segmentation, fracture reduction, and topics related to preoperative planning.
In [7] , the authors developed an integrated 3D preoperative planning and simulation system on a personal computer for pelvic fractures. The system primarily comprises the following functions: 3D display and manipulation of CT images, bone segmentation, bone reduction, and implant placement. The system has several limitations. Firstly, only two artificial bones and one clinical case were initially reported, and thus further feasibility verification is required. Secondly, the bottleneck of the entire procedure is bone reduction, as all dislocated bone fragments must be recovered piece by piece manually. Finally, various fixation methods can be employed in pelvic surgery, but only a reconstruction plate is simulated.
The present study extends the system proposed in [7] to provide an effective 3D preoperative planning and simulation for pelvic surgery, enabling the surgeon to acquire correct fracture information from the 3D models, and thus make an appropriate surgical plan using the surgery simulation. Based on the limitations of the system in [7] , two new functions are developed and integrated. The first one is semi-automatic bone reduction to overcome the inefficiency of manual bone reduction for multiple fragments. The overall operating time of the proposed system is thus reduced. The second one is the expansion of fixation simulation. In pelvic surgery, reconstruction plates, acetabulum plates, and sacroiliac (SI) screws are commonly used for various kinds of fracture. The implementation of all three types of implant in the simulation enables the surgeon to test and choose the best combination. Acetabulum plates and SI screws are ready-made implants, and thus new simulation algorithms, different from that used for the reconstruction plate, are developed. Ten pelvic fractures with various levels of injury are employed for feasibility verification. For some of the cases, the surgeon goes through the simulation first, and then performs the surgery using procedures very similar to those in the simulation. The primary contribution of the proposed system is that the surgeon can go through the critical part of the surgery with the proposed 3D planning and simulation to fully understand the fracture pattern and make an appropriate surgical plan beforehand.
Materials and methods
The proposed system provides a 3D environment for the preoperative planning of pelvic surgical procedures. Both 3D medical images and computer-aided design (CAD) models can be displayed and manipulated simultaneously. The system allows the user to view and manipulate the injured parts in three-dimensions, providing more information than that given by traditional 2D CT viewers. Moreover, it provides a number of simulation tools to assist the planning and simulation of the surgical procedures. In addition, it can output appropriate models for the fabrication of RP (rapid prototyping) templates to assist the pre-bending of the reconstruction plate. Unlike other methods, which require several software programs, all functions are integrated into one software program, allowing the surgeon to accomplish all simulation tasks easily.
The proposed preoperative planning system mainly comprises the following six parts: (1) 2D and 3D display and manipulation of CT images to allow the user to view the fractured bones in three-dimensions and manipulate the plots on 2D and 3D viewports; (2) bone segmentation tools for extracting and separating fractured and normal pelvic bones efficiently; (3) bone resection to enable the cutting of the bone in a 3D environment to simulate real bone resection in pelvic surgery; (4) manual and semi-automatic bone reduction to recover the displaced or rotated fragments to their original positions, which provides a guideline for the bone reduction in real surgery; (5) several types of fixation simulation to enable the selection and simulation of the reconstruction plates, acetabulum plates, and SI screws (the surgeon can determine the type of fixation, shape and size of the implant, and its position and orientation through the fixation simulation); and (6) assistive data output that satisfies the CAD model for the fabrication of an RP template, using which the reconstruction plate can be pre-bent. With the assistance of the proposed system, a surgeon can simulate the surgery in a virtual environment and obtain as much information as possible before surgery. The inaccuracy of the traditional pre-bending process using an artificial pelvic bone can also be overcome as the shape of the RP template is much closer to that of the actual bone.
Details of most of these functions can be found in [7] . The present study focuses on the new functions developed to improve the integrality of the entire system. The entire process is briefly described for completeness. The system accepts both X-ray and CT images, saved as DICOM files. CT images are displayed both on 2D and 3D viewports simultaneously, where a 3D viewport is employed to visualize the isosurface of the anatomical structure and three 2D viewports are employed to visualize coronal, sagittal, and transverse views, respectively. An interaction function was developed to allow the user to select a region of interest in both 3D and 2D viewports simultaneously [7] .
Bone segmentation enables the recognition and separation of bony regions, so that each of them can be manipulated individually. As shown in Fig. 1 , a semi-automatic bone segmentation process, combining three procedures, namely multiple-region growth, region re-segmentation, and region recombination, is proposed to provide an easy and efficient segmentation of the pelvic structure. All three procedures are implemented interactively through the user interface and can be performed repeatedly. Our previous study showed that most bone structure can be segmented effectively by the proposed bone segmentation algorithm [18] . Bone reduction enables the displacement of the fractured bones or bone fragments so that they can be recovered to their original positions and orientations in space. Both manual bone reduction and semi-automatic bone reduction are provided in the proposed system. In manual bone reduction, each of the bone segments is transformed one by one through a user interface with three rotations and two translations along the viewing plane [7] . The final result of manual bone reduction must be judged visually. The operating time may become lengthy when an excessive number of fragments must be relocated.
In semi-automatic bone reduction, two algorithms are proposed, namely multi-point positioning and mirror positioning. In multi-point positioning, as shown in Fig. 2 , several pairs of points along the fractured contour of two adjacent fragments are selected in a sequence. A coordinate transformation algorithm [19] is then used to align one fragment with respect to its counterpart. The accuracy of the alignment depends mainly on the accuracy of the point pairs. In mirror positioning, as shown in Fig. 3 , the symmetric property of the pelvis is employed to align the broken fragments with respect to the normal half. A mirror plane is determined automatically based on the sacrum model. The normal half of the hip bone is then mirrored onto the broken side and serves as a reference. A registration algorithm [19] is then used to align each of the broken fragments with respect to the reference bone. When all broken fragments are transformed, they can recover their original positions in space.
The purpose of bone resection in pelvic surgery is to assist bone reduction. In some serious injuries, the entire hip bone may be shifted due to the deformation or fracture on the sacrum, which results in the instability of the pelvic ring near the pubic symphysis. To recover the stabilization of the pelvic ring, the surgeon may cut the bones near the ilium, pubis, or ischium, and then adjust the shape of the pelvic ring by adjusting the movable fragments. The proposed bone resection algorithm is straightforward and thus not described here.
Fixation simulation provides a simulation of the placement of the implants commonly used in pelvic surgery, namely reconstruction plates, acetabulum plates, and SI screws. The simulation of the reconstruction plate is described in [4] and [7] . No studies have previously reported the simulation of SI screws and acetabulum plates. SI screws are commonly used on sacrum and pubis fractures, where the fixation of a reconstruction plate is difficult. Since an SI screw is inserted into a bone, instead of being fixed on the bone surface, an additional visualization interface is presented during the insertion process to allow the user to observe the status of the SI screw in real time. An appropriate user interface that includes the adjustment of the screw, a cross-sectional display, and size selection, is provided. In addition, a virtual C-arm image with the SI screw inserted can be simulated using CT images, which provides a realistic simulation of the 2D image during surgery. Figure 4 shows the user interface in the proposed system for the visualization and adjustment of SI screws. For the fixation simulation of an acetabulum plate, an interference detection and avoidance algorithm was developed because the plate surface should always be located above the pelvic surface. That is, no interference between the plate surface and the pelvic surface is allowed as both are considered to be rigid bodies. Moreover, adjusting the position and orientation of the acetabulum plate along the pelvic surface can be tedious work as it is difficult to observe the relative relationship of both surfaces. Therefore, an algorithm to evaluate the distance distribution of the points on the acetabulum plate relative to the bone surface is developed to provide a real-time evaluation of the distance between the two surfaces while the plate surface is moved close to the bone surface. When the two surfaces are very close, a fine tuning procedure would be very tedious and time-consuming. Therefore, a tolerance is specified such that when the two surfaces are sufficiently close, the acetabulum plate moves and contacts the bone surface automatically.
Results
Ten clinical cases are employed to demonstrate the capability of the proposed system. Table 1 lists the fracture patterns of the ten cases and the operating time required for each step of the preoperative planning and simulation. All cases were conducted using the proposed software program on a personal computer. The entire simulation process can thus be done easily in clinics. The level of the fracture for each case is specified in terms of the AO classification by inspecting its 3D model. The operating time includes bone segmentation, bone reduction, fixation with a reconstruction plate, fixation with an acetabulum plate, and fixation with an SI screw. In bone reduction, three bone reduction algorithms, namely manual bone reduction, multi-point positioning, and mirror positioning, are employed alternatively. The range of the entire operating times is from 280 s (Case 2, 1 piece) to 1436 s (Case 4, 10 pieces). The operating time is mostly affected by the number of bone fragments. It is noted that the operating time is not necessarily proportional to the number of bone fragments (or implants), as it includes the user's judgment and modification.
All ten cases were simulated successfully, with one to three types of fixation method implemented depending on the complexity of the fracture. Figure 5 compares the simulation Table 1 , where left images are 3D models of the simulation and right images are X-ray images after surgery.
results with real surgery results for cases 2, 4, 8, and 9, where the left images are 3D models of the simulation results and the right images are X-ray images after surgery. All 3D models are those after bone reduction. All three kinds of implant are also displayed on the plots, indicating that the proposed system can simulate their placement. Three examples are described below to show the detailed procedures of the operation and to explain how the surgeon can benefit from the simulation. In the first example (Case 3 in Table 1 ), the pelvic ring is seriously deformed due to fractures on the ilium, pubis, and acetabulum of the right pelvis. The right hip joint is also dislocated due to the fracture on the acetabulum. The surgery was performed twice. Figure 6(a) shows an X-ray image of the injured part taken after the first surgery, in which three reconstruction plates were fixed to maintain the stability of the right pelvic ring. Figure 6(b) shows an X-ray image of the injured part taken after the second surgery, in which an acetabulum plate was fixed to maintain the stability of the right hip joint. The simulation of the proposed system for this case is as follows. Figure 7 (a) shows the input CT images, with both 2D images and the 3D bone model displayed. The pixel spacing and the slice thickness of the CT images are 0.713 and 1.5 mm, respectively. Three abnormal regions are found in the 3D representation, as indicated by the circles in Fig. 7(b) . Traditionally, there is no correlation between the 3D representation and 2D images as they are displayed independently. With the proposed interaction function between the 3D viewport and 2D viewports, the range of the 3D model displayed can be controlled by manipulating a gray area on each of the three 2D viewports. If any of the gray areas on the 2D viewport changes, so does the range of the object displayed on the 3D representation. Figure 7(d) shows the result after bone reduction, in which the integrity of the pelvic ring is the primary concern. During the adjustment, the broken fragment of the pubis is aligned along its broken line and the right hip bone is aligned to become symmetric with the left hip bone. Figure 7 (e) shows the fixation of the acetabulum plate. The CAD model of the acetabulum plate was generated beforehand with a CAD system. It was imported and positioned manually to the current position. Figure 7 (f) shows the fixation of three reconstruction plates and the corresponding screws, with each plate defined by specifying several points on the bone model. A cross-sectional view of each screw and the corresponding soft tissue can be shown to verify the appropriateness of the fixation. The plate model can be converted into a template model, using which an RP template can be fabricated.
In the second example, an injury requiring bone resection is employed to demonstrate the feasibility of the proposed system for preoperative planning. There are two fractures in this case (Fig. 8(a) ). The first one is on the right-hand side of the sacrum, which causes the inward rotation of the right pelvic ring, and hence the separation of the soft tissue at the pubic symphysis. The second one is on the left pubis, where both the superior ramus and the inferior ramus are partially broken. This fracture causes the outward rotation of the left pubis. The combination of these two fractures results in a serious dislocation of the pelvic ring near the pubic symphysis, which leads to the constriction of the urethra. Traditionally, the surgeon can only plan the bone resection strategy by sketching. With the proposed bone resection and reduction tools, various resection strategies can be simulated and evaluated. In this case, six bone resection strategies were tested and evaluated. The first five cutting locations are the right sacroiliac joint, the right ilium, the left ilium, the left pubis along the fracture line, and the right pubis, respectively. The common problem of these locations is that when the pelvic ring near the pubic symphysis is aligned, a significant dislocation is observed near the cutting line. The gap between the separated fragments may be too large to be coalesced later. The final cutting location, where both the left and right pubes are cut apart, is shown in Fig. 8(b) . Both the left and right pubes are rotated to recover the stability of the pelvis ring. Figure 8(c) shows the results of bone reduction and plate fixation. In this case, the gap of the separated fragments on each pubis can be smaller, which can keep the coalescence of the separated fragments. The real surgery is implemented using the sixth cutting strategy. The result of the surgery is shown in Fig. 8(d) , where a reconstruction plate is placed across the pubic symphysis and beyond the cutting line on both sides. In the final example (Case 7 in Table 1 ), the pelvis is seriously injured, as shown by the X-ray image and 3D representation in Figs. 9(a) and 9(b) , respectively, where the pixel spacing and the slice thickness of the CT images are 0.723 and 1.5 mm, respectively. The fractures are on both sacroiliac joints of the sacrum, which result in a dislocation of both ilia. In addition, both pubes are completely broken. As a result, both sides of the pelvis ring near the pubic symphysis are deformed. The surgery is performed twice in this case. Figure 9 (c) shows an X-ray image taken after the first surgery, in which four standard SI screws and external fixation are implemented to stabilize the sacroiliac joints on both sides of the sacrum. Figure 9(d) shows an X-ray image taken after the second surgery, in which both pubes are recovered and a reconstruction plate is applied to stabilize the pelvic ring. The external fixation is also removed here. The shape of the reconstruction plate was designed using the proposed system and the real reconstruction plate was bent based on a template fabricated using the proposed technology. The overall process of the proposed system for bone reduction and implant fixation for the final example is as follows. The CT images of this case are input and represented as a 3D model, using which the fracture status can be seen and evaluated clearly. Bone segmentation is implemented to separate each fragment (represented as a different color), as shown in Fig. 10(a) . Bone reduction is then implemented to recover the position and orientation of the broken fragments, which are located on the sacrum, both ilia, and both pubes. ring, and hence a long plate is implemented across both broken lines of the pubes, as shown in Fig. 10(c) . In Fig. 10(d) , four SI screws are inserted one by one to test the best entry point and direction for each screw. As it is difficult to understand the relative position and orientation between the SI screw and the bone model, a cross-sectional view right on the center of the screw is provided, with an appropriate user interface for rotating the view along the screw. Figure 10 (e) shows a more realistic display of the simulation, where the bone regions in Fig. 10(d) are replaced by 3D bone images. The bone model in this plot is much more realistic. Once the plate is determined, the plate model and the template model can be obtained from the simulation. Both models are fabricated using an RP machine. The template part is employed for the bending of the stainless plate. A comparison of the RP plate and the stainless plate after bending is shown in Fig. 10(f) . The stainless plate is directly used without any further bending during surgery. It takes about three days from obtaining the CT images to the fabrication of the RP template in this case. On the first day, the engineer performs the analysis work using the proposed system and discusses with the surgeon to determine the desired results. The operating time required in this stage is less than 15 minutes; a detailed list of the time required for the case in Fig. 10 is shown in Table 1 (Case 7). The output of this stage is a template model. On the second day, the template model is sent to a laboratory for the fabrication of the RP template. The RP fabrication process takes about 3 hours. On the final day, the RP template is sent back to the hospital for the pre-bending of the reconstruction plate. If all work can be accomplished in the same hospital, the overall processing time is about 4 hours in this case. The overall software processing time required (15 minutes) is much less than the time required for RP fabrication (3 hours). Because the proposed system is highly integrated, the manual effort required to edit the CAD models is reduced significantly.
Discussion
Several teams have discussed the advantages of computeraided preoperative planning tools for assisting pelvic fracture surgery. However, they also pointed out that this technology is still not popular in most hospitals. The authors cooperated with surgeons in Show Chwan Memorial Hospital, Taiwan, to develop the proposed system and have worked with them to complete more than 10 surgeries. The advantages of the proposed system over that shown in [4, 5] are as follows. Firstly, all algorithms are integrated into one software program, whereas bone segmentation is performed individually in [4, 5] . Secondly, semi-automatic bone reduction provides a more convenient way to recover the broken bones, whereas only manual bone reduction is available in [4, 5] . Thirdly, the ability to simulate three kinds of fixation method is very useful for the surgeon in determining the surgery strategy, whereas only a reconstruction plate is simulated in [4, 5] . Finally, the overall operating time is much less than that shown in [4, 5] .
Based on our experiences, the main characteristics of the proposed system are as follows. Firstly, the system is highly integrated so that the surgeon can evaluate and judge the fracture status in a 3D environment and simulate and experience various surgical processes before surgery. In additional to 2D and 3D displays and manipulation of medical images, the system provides various surgery simulation tools, including bone segmentation, bone resection, bone reduction, implant fixation, template design, and virtual X-ray display, enabling the surgeon to analyze, test, and simulate different surgical plans. No other single software program can currently perform all the functions required for pelvic preoperative planning. If the above functions must be performed with the help of several software programs, the overall operating procedures would be too complex to be implemented in daily clinic treatment [4] .
Secondly, although the bone segmentation strategy proposed in the system is not fully automatic, it has been proven to be very effective for dealing with all kinds of CT images. The main feature of the proposed algorithm is an interactive interface for changing the threshold dynamically, allowing the separation of bone regions to be viewed in real time. With this interface, the user can quickly separate major bone regions by adjusting the threshold. He can then apply bone re-combination and bone re-segmentation repeatedly to fine-tune unsolved regions. The operating procedures of bone re-combination and bone re-segmentation are even simpler than that of bone segmentation so the user can complete the remained work easily. All examples shown in Table 1 were obtained using the proposed bone segmentation strategy. The overall operating time of bone segmentation is much faster than that of other steps. The proposed bone segmentation algorithm has also been applied for the separation of other bones, and all results indicate that the proposed method works satisfactorily.
Thirdly, recovering the dislocated or fractured fragments is important, but difficult, work in pelvic surgery. Traditionally, it is difficult to plan and practice this task before surgery as no medical imaging software provides this function. The combination of bone reduction and bone resection in the proposed system enables the surgeon to plan and practice this task beforehand. In general, bone reduction can be performed alone as long as the broken fragments are completely separated and dislocated. In addition to manual bone reduction, two semiautomatic bone reduction algorithms, namely multi-point positioning and mirror positioning, were proposed to improve the efficiency of manual bone reduction. Our experience shows that multi-point positioning can quickly move a part as close to its counterpart as possible. However, the accuracy of the transformation depends largely on the accuracy of the point pairs selected. The feature points on the fractured contour may not always be distinct enough to be selected accurately; this is the primary factor affecting the accuracy of this algorithm. Mirror positioning employs the symmetric property of the pelvic bone for the adjustment of the broken fragments. Two factors affect the accuracy of this algorithm. Firstly, the symmetry of the pelvic bone affects the error of the transformation. Secondly, this algorithm does not work for tiny fragments as the area of the points for registration is too narrow. Therefore, manual bone reduction is still necessary to deal with cases which cannot be dealt with by the semi-automatic algorithms. Moreover, after multi-point positioning or mirror positioning is implemented, it is sometimes necessary to adjust the movable part slightly by manual bone reduction. Bone resection is seldom used compared with bone reduction. However, it is still necessary as normal bones must sometimes be sliced in order to reconstruct the stability of the pelvic ring, as in the example shown in Fig. 10 . Bone resection is also a useful tool whenever it is necessary to slice partially broken bones.
Fourthly, the plate fixation can be divided into two types: reconstruction plate and ready-made locking plate. For the reconstruction plate, it is necessary to shape the plate before surgery so that it can match the bone surface appropriately. Therefore, for the simulation of such a plate, the shape of the plate must be fitted to the bone surface as much as possible. In the proposed method, the user only needs to indicate several points on the bone surface, and the plate model is generated automatically. The simple and easy operating procedure is easy to learn and operate. The dimensions of the plate follow the specifications in stock. That is, each kind of plates differs in length for 2 mm. For the acetabulum plate in this study, the basic issue regarding fixation simulation is how to place the plate model onto the bone surface effectively and efficiently. A method combining interference detection and avoidance, real-time evaluation of the distance distribution, and an appropriate user interface were developed for this task. In addition, the primary problem in inserting an SI screw is how to provide a visualization tool to observe the status of the screw during the insertion simulation. Several visualization methods were tested. It was found that a cross-sectional display of the bone structure and the SI screw simultaneously along the center of the SI screw can clearly reveal the relative position and orientation between the SI screw and the bone structure. Moreover, a technique of simulating a C-arm image with CT images was developed and employed for the display of the SI screw inserted into the pelvic bone. The display provides a realistic situation for the surgeon as only C-arm images are available during surgery.
Finally, an assistant is currently employed and responsible for software operation in the hospital. He works with the surgeon to perform the surgery simulation. In general, the DICOM file from the Radiology Department includes all kinds of images (e.g., X-ray images, 2D CT images, and 3D bone images from various views). However, the surgeon can only view these images; he cannot perform any analysis and simulation. The bone segmentation, bone resection, bone reduction, and implant fixation functions proposed in this study can simulate all important operations in real pelvic surgery. They are integrated in one software program and can be installed on any personal computer with an OS Windows 7 or later version. However, not all hospitals can afford to have a dedicated person for software operation. Therefore, the entire operating procedure must be simplified further to attract surgeons' interest.
Conclusions

